Introduction {#S0001}
============

Glioma is a highly heterogeneous disease at the molecular level with different survival times, even among the patients with the same grade.[@CIT0001],[@CIT0002] GBM (regarded as grade IV glioma) is the highest grade of glioma, with a median survival time of approximately 12--15 months even with conventional treatment.[@CIT0003] Due to the highly invasive and malignant nature of GBM, the treatment remains challenging, with a high recurrence rate. So we mainly focus on the prognostic factors of GBM. Searching for a potential therapeutic target for GBM may enable a more effective strategy against GBM.

CD44 is a transmembrane glycoprotein and hyaluronic acid receptor. It has been reported that CD44 is involved in epithelial-mesenchymal transition (EMT) and tumor invasion.[@CIT0004] Verhaak et al[@CIT0005] classified GBM into four categories: proneural, neural, classical, and mesenchymal after analyzing the Cancer Genome Atlas for GBM. The adhesion molecule CD44 predicts resistance to chemotherapy in mesenchymal-like glioma.[@CIT0006],[@CIT0007] CD44 may play a crucial role in the prognosis of GBM patients. And CD44 inhibitions have been suggested as a therapeutic strategy for many malignant tumors, but the role for GBM remains controversial.[@CIT0008] Therefore, we analyzed CD44 expression in tissue sections of 62 GBM patients using immunohistochemistry.

Our study aimed to explore the expression of CD44 in highly malignant GBM. To know the expression of CD44 in GBM may lay the foundation to explore inhibitors for CD44-high GBM.

Materials and Methods {#S0002}
=====================

Patients {#S0002-S2001}
--------

We collected 62 tissue specimens from newly diagnosed GBM patients in Xiangya Hospital, Central South University between May 2012 and October 2015. The research was approved by the Ethics Committee of our institution and was in agreement with the Declaration of Helsinki. Written informed consent was obtained for all patients. If any patients had passed away, the consent was signed by their next of kin. Classification of glioma was done according to World Health Organization (WHO) 2007 criteria. We divided tumor location into five groups: frontal, parietal, temporal, occipital, and others (basal ganglia, thalamus, epiphysis, ventricles, corpus callosum, brainstem, and insular lobe). Patients were first treated with surgery when they were diagnosed as GBM. They received adjuvant radiotherapy (intensity modulated radiation therapy, IMRT) and concurrent temozolomide (TMZ) chemotherapy after surgery, but with or without adjuvant chemotherapy. The standard radiotherapy was one fraction daily, 5 days per week. The total radiotherapy dose was 59.4--64.2 Gy in 30 fractions. Dose limits and plan evaluation were as defined by the European Organization for Research and Treatment of Cancer (EORTC).[@CIT0009],[@CIT0010] The concurrent TMZ dose was 75 mg/m^2^/day and adjuvant TMZ was 150--200 mg/m^2^/1--5 days every 28 days for six cycles. Overall survival (OS) was defined as the duration from initial operation to death or last follow-up.

Immunohistochemistry {#S0002-S2002}
--------------------

We used 3-μm GBM tissue slices to perform immunohistochemistry assay, tissue samples were fixed in formalin and embedded in paraffin. It was confirmed that every tissue slice was diagnosed as GBM using H&E staining. The tissue slices were deparaffinized with xylene and rehydrated with alcohol routinely, then heated in citrate buffer for antigen retrieval by pressure cooker. They were washed in phosphate buffer saline (PBS) after natural cooling; 3% hydrogen peroxide was used to regulate endogenous peroxidase inactivation for 20 minutes, and 5% normal goat serum to prevent non-specific staining for 30 minutes. The specimens were incubated with anti-CD44 antibody (Abcam ab51037, a dilution of 1:100) overnight at 4°C. They were incubated with secondary antibodies for 30 minutes at room temperature on the next day. Finally, we used 3, 3-diaminobenzidine and hydrogen peroxide chromogen substrate to expose the immunoreaction. The hematoxylin was applied to counterstain. The negative controls were incubated with non-immune isotypic antibodies.

Evaluation of CD44 Staining {#S0002-S2003}
---------------------------

The immunohistochemistry (IHC) staining was evaluated by two pathologists, blinded to the clinicopathological diagnosis of the patients before. CD44 expression was given scores ranging from 0--4 according to staining intensity and the percentage of staining cells. Details were as follows: 0=low or weak stained in 10% of cells or less; 1=weak stained in 11--30% of cells; 2=weak stained in more than 30% of cells or moderate stained in less than 30% of cells; 3=moderate stained in 30--60% of cells; 4=moderate or strong stained in more than 60% of cells.[@CIT0011] The average staining scores were obtained based on ten randomly selected fields in each slice. According to the above staining criteria, the scores (0--2) and (3--4) were regarded as low and high CD44 expression, respectively.

Statistical Analysis {#S0002-S2004}
--------------------

SPSS 23.0 software was used for statistical analyses. The relationship between CD44 expression and clinicopathologic features was calculated by Chi-square. Kaplan-Meier method was used to draw survival curves while group comparison was performed by long-rank test. The Cox regression analyses were used to confirm independent prognostic factors of GBM patients. Meanwhile, hazard ratio (HR) and their corresponding 95% confidence interval (CI) were calculated. The probability value of less than 0.05 indicated statistical significance.

Results {#S0003}
=======

Clinical Features {#S0003-S2001}
-----------------

In this study, 36 of the patients were males and 26 were females. Age ranged from 9--69 years. The tumor diameter varied from 2.0 to 8.1 cm (17 cases were smaller than 6.0 cm and the other 45 cases were larger than 6.0 cm). Moreover, tumor invasion of 17 GBM patients involved more than one brain lobe. Forty-five patients underwent gross total resection while the other 17 patients had either subtotal resection or biopsies were taken during surgical operation. Seventeen patients had recurrence, while 45 had no recurrence. In total, 50 patients received adjuvant TMZ chemotherapy, while 12 patients were unwilling to receive TMZ chemotherapy after surgery. We followed up all patients to October 2018. Unfortunately, 48 patients died during this time frame. The survival time of the 62 patients ranged from 1 to 72 months and the median survival time was 13 months.

CD44 Expression and Clinicopathological Features {#S0003-S2002}
------------------------------------------------

CD44 protein in GBM tissues mainly accumulated in the cell membrane but also some of cells had high expression in the cytoplasm. We found that CD44 staining scored one in 22 cases, two in 16 cases, three in 9 cases, and four in 15 cases. According to immunostaining evaluation criteria, the 0--2 scores were regarded as low CD44 expression and 3--4 scores were regarded as high CD44 expression. The high expression of CD44 was observed in about 38.7% (24/62) of the GBM patients. The representative images of CD44 staining is shown in [Figure 1](#F0001){ref-type="fig"}. Statistical analysis revealed that CD44 expression was associated with the number of tumor invading brain lobes (*P*=0.002). In contrast, there were no significant differences in terms of age, gender, tumor diameter, tumor location, recurrence, or extent of surgical resection. The relationship between CD44 expression and clinicopathological characteristics of the 62 GBM patients is summarized in [Table 1](#T0001){ref-type="table"}. In addition, 1 year and 3 years survival rates of patients with high CD44 staining after surgery were significantly lower than those of patients with low staining (1 year, 29.17% vs 71.05% and 3 years, 16.67% vs 31.58%; see [Table 2](#T0002){ref-type="table"}). We can see that only the 1 year survival rate achieved statistical significance. That may be due to poor prognosis and short survival times of GMB patients.Table 1The Correlation Between CD44 Expression and Clinicopathological Characteristics in GlioblastomaCharacteristicsCases (n=62)CD44 ExpressionP-valueNegative (n)Positive (n)Age (years)0.131 ≤4017134 \>40452520Gender0.306 Male362412 Female261412Tumor Diameter (cm)0.734 ≤617116 \>6452718Tumor Location0.347 Frontal22166 Parietal1174 Temporal17710 Occipital431 Others853Extent of Surgical Resection0.734 Total removal452718 Subtotal removal17116Recurrence0.356 Yes17125 No452619Tumor Extension0.002 One lobe453312 More than one lobe17512Outcome0.376 Death482820 Alive14104 Table 2The Relationship Between CD44 Expression and Survival Rate (1 -Year and 3 Years After Surgical Operation) of GBM PatientsCD44 Expressionn1 Year After OperationP-value3 Years After OperationP-valueSurvivalDeathSurvivalDeathPositive247170.0014200.191Negative3827111226 Figure 1The representative images of CD44 staining in glioblastoma tissues. (**A**--**C**: 3--4 scores, **D**--**F**: 0--2 scores); Original magnifications ×400-fold, the pictures in the upper right are magnified ×1,000-fold. Scale bar: 100 μm.

The Prognostic Value of CD44 Expression in Glioblastoma Patients {#S0003-S2003}
----------------------------------------------------------------

The Kaplan-Meier was performed to evaluate prognostic factors including age, gender, the extent of resection, tumor diameter, tumor location, recurrence, tumor invasion range, adjuvant chemotherapy, and CD44 expression in GBM patients. Patients with high CD44 staining had a poor prognosis as compared to those with low CD44 staining (*P*=0.036). The Log rank test data is listed in [Table 3](#T0003){ref-type="table"}. The median survival time of CD44 staining was 18.5 months for low staining and 3.5 months for high staining. According to univariate regression analysis, tumor location (HR=1.220, 95% CI=1.006--1.478, *P*=0.043), adjuvant chemotherapy (HR=3.537, 95% CI=1.725--7.253, *P*=0.001), and CD44 expression (HR=2.111, 95% CI=1.181--3.772, *P*=0.012) significantly affected OS of GBM patients. The corresponding information has been detailed in [Table 4](#T0004){ref-type="table"}. Multivariate regression analysis revealed that non-usage of adjuvant chemotherapy and high expression of CD44 were independent poor prognosis factors for GBM patients. The survival time of GBM patients with high CD44 expression is significantly shorter than those with low CD44 expression, indicating that GBM patients with high CD44 expression had a poor prognosis. The difference was statistically significant ([Figure 2](#F0002){ref-type="fig"}).Table 3The Kaplan-Meier Analyses of the Overall Survival of 62 Glioblastoma Patients.Prognostic ParametersLog-RankP valueAge2.3560.125Gender1.3830.240Tumor diameter0.2860.593Tumor location15.8350.003\*Tumor extension1.0400.308Extent of surgical resection4.0780.043\*Adjuvant chemotherapy14.3240.000\*Recurrence3.0680.080CD44 expression5.7420.036\*[^1] Table 4Cox Regression Analysis of Univariate Analysis and Multivariate Analysis with Glioblastoma PatientsParametersUnivariate AnalysisMultivariate AnalysisB valueSEWaldHR (95% CI)*P*-valueB valueSEWaldHR (95% CI)*P*-valueAge0.5130.3472.1871.670 (0.846--3.296)0.139Gender0.3400.2991.2980.711 (0.396--1.278)0.255Tumor diameter0.1740.3340.2701.190 (0.618--2.290)0.603Tumor location0.1990.0984.1011.220 (1.006--1.478)0.043\*0.1280.1131.3001.137 (0.912--1.417)0.254Extent of resection0.5960.3083.7431.816 (0.992--3.322)0.053Adjuvant chemotherapy1.2630.36611.8873.537 (1.725--7.253)0.001\*1.4100.5177.4544.097 (1.489--11.277)0.006\*Tumor invasion range0.3230.3270.9751.381 (0.728--2.620)0.323Recurrence0.5660.3362.8351.761 (0.911--3.401)0.092CD44 expression0.7470.2966.3542.111 (1.181--3.772)0.012\*1.1680.4068.2843.216 (1.452--7.125)0.004\*[^2] Figure 2Kaplan-Meier survival analysis shows the relationship of CD44 expression and overall survival times in 62 glioblastoma patients.

Discussion {#S0004}
==========

The grave prognosis of high-grade glioma is due to its invasive nature, high relapse rate, and resistance to therapy. GBM is an extremely malignant glioma which constantly ends up with therapeutic failure and has a short survival (within \~15 months).[@CIT0012],[@CIT0013] Nevertheless, glioma is a highly heterogeneous disease at the molecular level. There is a difference in terms of survival time among the patients with same grade glioma. Therefore, the grave prognosis and heterogeneity in GBM mandates an urgent need for identification of better prognostic indicators and therapeutic targets.

CD44 is a transmembrane glycoprotein and hyaluronic acid receptor.[@CIT0014] Several studies found that CD44 was involved in angiogenesis, proliferation, invasion, and migration, and may promote EMT in glioma. Orian-Rousseau[@CIT0015] reported that CD44 could combine with vascular endothelial growth factor receptors to block angiogenesis and inhibit proliferation in hepatocyte. Mani et al[@CIT0016] detected that CD44 had been implicated in EMT and contributed to breast cancer invasion. Breyer et al[@CIT0008] indicated that CD44 could be an important mediator of glioma cell migration into brain parenchyma. Blocking the related signaling pathway of CD44 expression contributes to inhibiting tumor cells growth and promoting apoptosis.[@CIT0017],[@CIT0018] Fu et al[@CIT0019] found that knockdown of tissue transglutaminase and protein tyrosine kinase attenuated tumor growth and induced apoptosis on CD44-high glioma.[@CIT0020]

The therapeutic outcome and prognosis of different CD44 expression in GBM are not consistent among patients with the same treatment regimen. In the study, we found high CD44 expression in tissues of 24 cases of 62 GBM tissues. One year survival rate of patients with high CD44 staining after operation was significantly lower than those with low staining. The CD44 expression affects OS significantly in GBM patients. CD44 expression was an independent prognosis factor in GBM patients. Some studies have found that increased CD44 immunostaining is correlated with an advanced grade of glioma.[@CIT0021] The poor prognosis and treatment resistance of GBM promote the exploration of novel therapeutic approaches. CD44 is related to resistance to therapies, and an inhibitor of CD44 has the potential to sensitize cells to chemotherapy or radiotherapy.[@CIT0022] Gao et al[@CIT0023] found that CD44-high ovarian cells are resistant to paclitaxel-induced cancer cells apoptosis. The same is true of doxorubicin resistance of CD44-high breast cancer cells.[@CIT0024] Fernando et al[@CIT0025] found that knockdown of CD44 in liver tumor cells sensitized them to sorafenib-induced cancer cell death. Molecular targeted therapy with rare injury to normal cells that is safe and tolerable is a strategy for tumor treatment. Targeted drugs have been aimed mainly at specific receptors, kinase and molecular structure. However, the role of CD44 inhibition for GBM remains controversial.[@CIT0026] CD44 consists of 20 exons on chromosome 11, as various exons combination, standard and variants isoforms of CD44 were generated.[@CIT0027] CD44 standard isoforms (CD44s) were expressed in primary gliomas, while CD44 variant isoforms (CD44v) were expressed in intracranial metastatic tumors and participated in inflammatory response.[@CIT0028],[@CIT0029] We encourage more studies to be done on expression of different CD44 sub-types in tumor tissues.

In addition, some studies found that CD44 expressed in different types of cells, including stromal cells, cancer cells, and cancer stem cells.[@CIT0016],[@CIT0030],[@CIT0031] Glioma stem cells are responsible for tumor initiation, relapse, and therapeutic resistance. Also the CD44 is a common component of cancer stem cells. CD44 expression in GBM stem cells and CD44 involvement in cancer stem cells niche signaling may be another reason for its correlation with poor prognosis. Judit et al[@CIT0032] have observed that the depletion of CD44 expression by TGF-*β* inhibitors can prevent tumor proliferation and recurrence in glioma stem cells. GBM is the highest grade of glioma with a short survival time. The number of WHO IV glioma cases is small. Our study was restricted by the amount of samples. In our current work, we are expanding the sample size and researching related signaling pathways of CD44-high GBM.

Our results suggest that CD44 expression may be a crucial prognostic indicator of GBM. Investigation of CD44 expression may provide a theoretical basis for the development of anticancer drugs of CD44-high GBM.
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GBM, Glioblastoma multiforme; CD44, Cluster of differentiation 44; WHO, World Health Organization; EMT, mesenchymal transition; IHC, Immunohistochemistry; PBS, phosphate buffer saline; HR, hazard ratio; CI, confidence interval; OS, overall survival; CD44s, CD44 standard isoform; CD44v, CD44 variant isoform; EORTC, European Organization for Research and Treatment of Cancer; IMRT, intensity modulated radiation therapy; TMZ, temozolomide.
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[^1]: **Note:** \**P*\<0.05.

[^2]: **Note:** \*Significance with *P*\<0.05.
